Seven isoprenylated flavonoids were isolated from Artocarpus styracifolius, including one new triisoprenylated flavone, styracifolin D (1), and six known ones, artocarpone B (2)，kuwanon C (3), 6-C-prenyl luteolin (4), albanin A (5), 2,4,2′,4′-tetrahydroxy-3′-(3-methyl-2-butenyl)-chalcone (6), and 3′-[γ-hydroxymethyl-(E)-γ-methylallyl]-2,4,2′,4′-tetrahydroxychalcone 11′-O-coumarate (7). The structures of these compounds were determined by analysis of their spectroscopic and mass spectrometric data. Of them, 3 and 5 exhibited inhibitory effects on cathepsin K with IC 50 values of 114.6 and 7.4 M, respectively.
Artocarpus, family Moraceae, is mainly distributed in tropical and subtropical regions of Asia and is well known as a rich source of isoprenoid-substituted flavonoids [1] . A. styracifolius Pierre, an evergreen tree distributed in southern China [2] , is traditionally used in folk medicine for the treatment of rheumatoid arthritis, psoatic strain, hemiplegia and fracture. Previous phytochemical investigations of this plant resulted in the isolation and identification of flavonoids [3], 2-arylbenzofurans [4] , and triterpenes [3a] , the last of which showed antiplasmodial, antitrypanosomal, and anti-respiratory burst activities [3b, 5] . In the present study, we report the isolation and structural elucidation of one new isoprenylated flavone, styracifolin D (1), as well as six known compounds, artocarpone B (2)，kuwanon C (3), 6-C-prenyl luteolin (4), albanin A (5), 2,4,2′,4′-tetrahydroxy-3′-(3-methyl-2butenyl)-chalcone (6) , and 3′-[γ-hydroxymethyl-(E)-γ-methylallyl]-2,4,2′,4′-tetrahydroxychalcone 11′-O-coumarate (7) ( Figure 1 ). All compounds were evaluated for their cathepsin K (CatK) inhibitory activities.
Styracifolin D (1) was obtained as a yellow amorphous powder. Its molecular formula was determined to be C 30 H 32 O 8 from the HR-ESI-MS ion at m/z 519.2011 ([M-H] -, calcd for C 30 H 31 O 8 , 519.2024). The IR spectrum of 1 showed absorptions for hydroxyl groups (3368 cm -1 ), an aliphatic chain (2975, 2923 and 2854 cm -1 ), carbonyl groups (1607 cm -1 ), and an aromatic ring (1470 and 1358 cm -1 ). The 1 H NMR spectrum (Table 1 ) of 1 displayed signals for six tertiary methyl groups, three methylene groups, two aliphatic methines, an olefinic methine, as well as an aromatic proton. These 1 H NMR data were very similar to those of the known compound artocarpone B (2) [6] , isolated from A. champeden. The main difference was the disappearance of the signal assigned for H-6 at δ 6.45 in 2 [6] and the appearance of a set of typical signals for a cyclized isoprenyl group, which was revealed as a hydroxy- . This strongly indicated that H-6 of 2 was substituted by a hydroxydimethyldihydropyran group in 1, which was supported by analysis of their 13 C NMR data. Compared with the 13 C NMR spectrum of 2 (Table 1 ) that of 1 showed five more carbon signals at δ 79.0, 69.8, 27.7, 20.4, and 25.7, which were unambiguously assigned to the hydroxydimethyldihydropyran ring [7, 8] , consisting of an oxygenated quaternary carbon, an oxymethine, a methylene, and a gem-dimethyl group. In addition, the chemical shift values of the other 25 carbon atoms, except that of C-6, were similar to those of the relevant carbon atoms of 2. The signal for C-6 appeared at δ 106.8 and showed a 12.7 ppm lower frequency shift when compared with the corresponding one of 2. This shift was due to the substitution effect of the hydroxydimethyldihydropyran ring [7] . Interpretation of the HSQC and HMBC spectra of 1 confirmed the substitution pattern and fully assigned all 1 H and 13 Figure 2 . Therefore, the planar structure of 1 was established as shown in Figure 1 . Notwithstanding the presence of two chiral centers (C-2′′ and C-2′′′′) in 1, the optical activity and Cotton effect of 1 were undetectable. This suggested that 1 was obtained as a racemate, as supported by chiral HPLC analysis of 1 over an analytical chiral column, displaying two peaks (t R 25 and 26 min, respectively) with an integration ratio of about 1:1.
Compound 1 is a typical dihydrobenzoxanthone which has the unique structure in which the C-C linkage takes place between the C-6′ position of the B ring and the C-2′′ position of the isoprenoid moiety located at C-3. As a class of natural product with a unique structural feature, dihydrobenzoxanthones have been suggested as useful taxonomic markers for the genus Artocarpus due to their occurrence being strictly limited to Artocarpus species [1, 3a] .
By comparison of their NMR and MS data with those reported in the literature, the six known compounds were identified as two isoprenylated flavones, artocarpones B (2) [6] and kuwanon C (3) [9] , 6-C-prenyl luteolin (4) [10] , albanin A (5) [11] , 2,4,2′,4′tetrahydroxy-3′-(3-methyl-2-butenyl)-chalcone (6) [12] , and 3′-[γhydroxymethyl-(E)-γ-methylallyl]-2,4,2′,4′-tetrahydroxychalcone 11′-O-coumarate (7) [13] . CatK is a cysteine protease expressed in bone resorbing osteoclasts selectively and abundantly. CatK is known to play a pivotal role in osteoclast-mediated bone resorption and is evidenced as an important target for the treatment of osteoporosis [14] . Some CatK inhibitors are reported to be promising therapeutic agents for osteoporosis and have been developed, but showed variable successes in clinical trials [15] . Our previous experiments indicated that the 95% EtOH extract of the roots of A. styracifolius possess inhibitory effects against CatK (unpublished data). In order to search for the CatK inhibitor from the active extract, all of the compounds isolated were evaluated for their inhibitory activities against CatK. As shown in Table 2 , compounds 3 and 5, the two flavones, displayed suppression effects on CatK, with IC 50 values of 114.6 and 7.4 M, respectively. It is worth noting that the two compounds possess similar substitution characterized by 2′,4′dihydroxylation in ring B and isoprenyl substitution in C-3, indicating that a 2′,4′-dihydroxylated ring B and an isoprenyl group at C-3 might make, in part, a contribution to the suppression activities of flavones on CatK.
Experimental
General: Infrared spectra were recorded on a Shimadzu IRAffinity-1 FTIR spectrometer (Shimadzu Corp., Kyoto, Japan) in KBr discs. Optical rotations were determined on a JASCO P-1020 digital polarimeter (JASCO International Corp., Ltd, Tokyo, Japan) at room temperature. CD spectra were recorded in CH 3 OH using a JASCO J-810 spectrophotometer at room temperature. 1 
